Increased serum lipid levels are associated with the increased risk of many metabolic disorders including cardio vascular disease (CVD), obesity and diabetes mellitus. The objective of the current study was to determine whether feeding salmon diet with omega-3 polyunsaturated fatty acids (n-3 PUFAs) will alter serum lipid profile in male and female rats after three months of feeding. Although many studies have focused on the role of salmon fish on human health the results remain controversial.
Introduction
Fat has gained a reputation as a "bad" component of food with numerous adverse health effects.
One has to think only of the terms, "saturated fat", "cholesterol", "trans-fatty acids" and "obesity" to realize the unhealthy reputation fat has gained in society. However, small amounts of dietary fat are essential for life and have a role not only as a potent source of calories but also as carrier of fat soluble vitamins, hormones and enzymes.
2
Fats affect all body systems in some ways, but the cardiovascular system is the most affected one. One specific type of fatty acids (FAs) that has received great attention for its effects on the cardiovascular system is the PUFAs. The dietary habits of individuals have been shown to impact on heart health. Long term consumption of a diet containing high saturated fatty acids (SFAs) and low PUFAs has been found to be a primary cause of CVD (AIHW, 2001 ).
Generally FAs are hydrocarbon chains with a carboxyl group at one end and a methyl group at the other. Fat is increasingly recognized as a central feature of many biological processes. Dietary fat may influence a variety of physiological events in the human body and thereby could impact on the pathogenesis of various diseases. Properties of fat are influenced by FAs components. FAs are categorized into either saturated or unsaturated, depending on absence or presence of a carbon-tocarbon double bond respectively. Unsaturated fatty acids are further divided into two subgroups: monounsaturated fatty acids (MUFAs) containing only one double bond and PUFAs which harbor two or more double bonds.
The position of the first double bond is given by the (n-x) notation, counting the number of carbon atoms from the methyl end according to the international nomenclature. For example, omega-3, omega-6 and omega-9 (also referred as n-3, n-6 and n-9 fatty acids) denote from the methyl end respectively. The symbol C18:3 n-3 meaning FAs with 18 carbons, three double bonds and the first double bond is at the third carbon atom from the methyl end. In case of linoleic acid it is designated as C18:2 n-6 because it has 18 carbons, two double bonds and the first double bond is at the sixth carbon atom from the methyl end. Docosahexaenoic acid (DHA, 22:6), eicosapentaenoic acid (EPA, 20:5) and α-linolenic acid (α LNA, 18:3) are the main n-3 PUFAs. Linoleic acid (LA, 18:2), arachidonic acid (AA, 20:4) and decosapentaenoic acid (DPA, 22:5) are the main n-6 PUFAs (Kolakowska et al.,
2006).
MUFAs and SFAs are able to be synthesized by the body using dietary carbohydrates, proteins or other fats. However the body is not able to synthesis PUFAs, as it lacks the desatyrase enzymes necessary to form the n-3 and n-6 fatty acid double bonds. Because vertebrates are not able to synthesize n-3 or n-6 FAs, these must be supplied in the diet.
Theory dictates that human probably evolved on a diet containing a 1:1 ratio of n-6 to n-3 fatty acids yet modern times have produced typical Western diets that consist of a ratio between 10:1 and 25:1 and in some cases it may be as high as 40:1. Undoubtedly this imbalance has definitely contributed to several chronic health conditions and newer research is elucidating the role of proper FAs balance and intake in CVD (Simopoulos, 2002) . 3 Salmon fish meal provides a balanced nutritional content for various reasons. First it's high protein source which is around 20-60% and has great amino acids profile for fish, especially the ten essential amino acids (Watanabe, 2002). Secondly, salmon contains the necessary fatty acids. Also, fish meal is a highly digestible and palatable ingredient for fish. Moreover, salmon fish is low in anti- Indeed, considerable interest has been focused on the role of n-3 on male fertility this interest has stemmed from numerous studies which found that n-3 PUFAs intake was associated with increased A decrease in both fasting and postprandial plasma TG levels were reported in older men and women fed a lower n-6 to n-3 PUFAs ratio compared to a higher n-6 to n-3 PUFAs ratio (Moore et al.,
and Sanders et al., 2006)
. Similarly, reduction in plasma TG levels and favorable changes in LDL size were associated with the lower n-6 to n-3 PUFAs ratio where subjects were fed n-6 to n-3 ratio of 3:1, 5:1 and 10:1 ( oil rich in n-3 PUFAs, sunflower oil rich in n-6 PUFAs, olive oil rich in n-9 PUFAs and coconut oil rich in SFAs on serum lipid profile in growing male Wister rats (age 8-10 weeks old) and found that plasma TC and TG, HDL and VLDL concentrations were significantly decreased in rats fed fish oil compared to sunflower oil, olive oil, and coconut oil. Another study used obese male rats fed either hypercholesterolemic diet or hypercholesterolemic diet supplemented with 5% total fat (15% w/w) as EPA/DHA derived from fish oil for 16 weeks and showed that fasting serum TC and TG were significantly decreased in rats fed the EPA/DHA supplemented diet, however, there were no significant effects on HDL and LDL fractions (Lu et FAs and n-6 PUFAs compared to a control diet.
Materials and Methods
Adult male and female Wistar albino rats approximately of the same age about 3 months old with average body weight 120 gm obtained from the private market Abou-Rawash, Giza, Egypt, were used in the present study. Each sex was randomly divided into two groups (n= 20 per group).Control group: fed on the basal diet (AIN-93G ad-libitum) according to (Reeves, 1997) and salmon diet treated group: each rat was fed individually on cooked salmon diet 0.34 ‫ـــ‬ 0.69 gm / rat which is equivalent to 200 gm / 70 kg human body weight then were given AIN-93G diet ad-libitum for three months.
Weight of salmon diet changed according to the change in rat's weight. Each rat was transferred on individual cage for receiving their salmon diet.
Salmon diet was prepared and cooked according to (koubaa et al., 2012)
At the end of experiment, fasting blood samples were collected from the orbit plexus veins into clean dry centrifuge tubes .serum were separated and stored for biochemical analysis.
1-Body weight:
Body weights of rats were recorded before, during and after the experimental period.
2-Determination of fatty acids composition of salmon fish using by gas chromatography coupled with mass spectrometry (GC-MS) method according to (Bratu et al., 2013) 
3-Biochemical analysis:
Determination of TC level in serum samples were measured by Synchron CX4 according to the method of (Roeschlau et al., 1974) . HDL-C and LDL-C level were measured by Synchron CX4 according to (Gordon et al., 1977 ) also serum TG and glucose levels were estimated by Synchron CX4 depending on assay depicted by (Stein, 1987 and Tietz, 1995) respectively. Insulin was measured by the enzyme-linked immunosorbent assay (ELISA) kit according to (Judzewitsch et al., 1982) .
Statistical analysis:
All data were analyzed using the SPSS for windows version 20.0 (Courtney, 2013) . Independent sample t-test was used to calculate statistical significance between the control group and salmon diet treated group. The level of significance was set as P< 0.05 for all statistical tests.
Results

Table (I): show: percentage of fatty acids composition in cooked salmon (%/100gm) Data present in table (II) and illustrated in figs. (1a-1g): show effects of salmon diet on male rats lipid profile and body weight.
Salmon fish diet significantly decreased serum levels of TC and TG with (-12.15% and -14.68%) respectively and significantly increased serum level of HDL with (15.84%) however no significant effects were detected on serum levels LDL, glucose, insulin and body weight as compared with control group. Salmon fish induced significant decrease in serum level of TC and TG with (-24.90% and -15.92%) respectively but we didn't find any significant effect on levels of HDL, LDL, insulin, glucose and body weight compared with control group. who compared the effect of fish oil n-3 and plant-source oil n-3 on serum TC and found no effect.
The different results may be due to variations in the dosage, type of n-3 PUFAs and the control diets used, as well as the duration of the feeding period.
The possible explanation for the reduction of serum cholesterol by omega-3 may be due to its ability to deactivate farnesoid X receptor (FXR). One of the primary functions of FXR activation is the suppression of cholesterol 7 alpha-hydroxylase (CYP7A1), the rate-limiting enzyme in bile acid synthesis from cholesterol (Zhao et al., 2004) .
In addition, omega-3 fatty acids are natural legends for some metabolic nuclear receptors including peroxisome proliferator-activated receptors (PPARs). Activation of these receptors by EPA and DHA resulted in suppression of lipid synthesis and promote mitochondria fatty acids beta oxidation in liver and muscle (Davidson, 2006 and Magdeldin et al., 2009 ).
Another theory to explain omega-3 cholesterol-lowering properties has been attributed to interpreted hypotriglyceridemic effect of n-3 is due to the ability of omega-3 fatty acids to reduce the incorporation of TG into VLDL particles and ultimately reduce TG secretion. They also added that one therapeutic option to lower TG level is omega-3 fatty acids P-OM3 drug (4 gm/day for ≥6 weeks) which significantly reduces TG levels in subjects with severe hypertriglyceridemia.
Omega -3 may also lower triglyceride level by enhancing triglyceride clearance from circulating VLDL (lipoprotein responsible for transporting TG) through increased lipoprotein lipase activity. This may be mediated through a reduction in Apolipoprotein C-III (apo CIII) which inhibits lipoprotein lipase activity (Davidson et al., 2009 ).
We also found significant increase in serum HDL level in male rats and non significant increase in female rats fed salmon diet for three months compared with control groups. Such changes contribute to improve the catabolism of triglyceride-rich lipoproteins, leading to a substantial increase in HDLcholesterol level (Despres et al., 2004) . This result is in harmony with those obtained by Engler et al. The present study showed no significant effect of salmon diet on serum LDL level in male and female rats compared with control groups. The present data on rat's LDL coincide with Finnegan et al.
(2003) who found no effect of plant-and marine-derived n-3 PUFAs on serum LDL.
The present study showed no effect of salmon diet on body weight. These results correlated with,
Dziedzic et al. (2007)
who observed no effect of n-3 on body weight. Also, study in mice showed no effect of fish oil on body weight (Riediger et al., 2008) .
